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Indian Standard 

SPECIFICATION FOR 
ELECTRICAL INSTALLATION IN SHIPS 

PART II SYSTEM DESIGN 
Section I General 



0. FOREWORD 

0,1 This Indian Standard was adopted by the Indian Standards Institution 
on 22 July 1982, after the draft finalized by the Electrical Equipment 
in Ships Sectional Committee had been approved by the Electrotechnical 
Division Council. 

0.2 This standard ( Part II/Sec 1 ) has been prepared to cover the main 
features of system design which should be applied to electrical installations 
in ships. This standard, along with other parts, forms a code of practical 
interpretation and amplification of the requirements of the International 
Convention on Safety of Life at Sea. a guide for future regulations which 
may be prepared and a statement of practice for use by shipowners, ship- 
builders and appropriate organisations. 

0.3 This standard ( Part II/Sec 1 ) is among the series of Indian Standards 
on electrical installations in ships. This series will have the following parts: 

Part I General, 

Part II System design, 

Part III Equipment, 

Part IV Installation and test of completed installation, and ' 

Part V Special features. 

0.4 In the preparation of this standard, assistance has been taken from 
Draft IEC Publication 92-201 ( 1980): System Designs — General issued 
by International Electrotechnical Commission. 

0.5 This part of the standard shall be read in conjunction with the other 
parts mentioned in 0.3. 

0.6 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expressing 
the result of a test or analysis, shall be rounded off in accordance with 
IS : 2-1960*. The number of significant places retained in the rounded off 
value should be the same as that of the specified value in this standard. 



♦Rules for rounding off numerical values ( revised). 
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1. SCOPE 

1*1 This standard ( Part II/Sec I ) relates to the main features of system 
design which should be applied to electrical installations in ships. 

SECTION 1 A — DEFINITIONS 

2. GENERAL 

2.1 Bunched Cables — Two or more cables which are contained within 
a single conduit, duct or groove, or, if not enclosed, are not separated from 
each other. 

2.2 Branch — An electrical line intended for connecting a current con- 
suming installation to the distribution network. 

2.3 Branch System — An assembly of branches. 

2.4 Meshed Network or Ring-main — A set of conductors which 
connect feeding points ( nodes ) and form a closed circuit. 

2.5 Diversity Factor ( Demand Factor ) — The ratio of the estimated 
total load of a group of consumers under their normal working conditions 
to the sum of their nominal ratings. 

2.6 Simultaneity Factor — The ratio of maximum power of simultane- 
ously operated units to the total rated power of all the consuming units. 

3. DC SYSTEMS OF DISTRIBUTION 

3.1 Hull-Return Systems — Systems in which insulated conductors are 
provided for connection to one pole of the supply, the hull of the ship or 
other permanently earthed structure being used for effecting connections 
to the other pole. 

3.2 Two-Wire dc Systems — DC systems comprising two conductors 
only, between which the load is connected. 

3.3 Three-Wire dc Systems — DC systems comprising two conductors 
and a middle wire, the supply being taken from the two outer conductors 
or from the middle wire and either outer conductor, the middle wire carrying 
only the difference-current. 

4. AG SYSTEMS OF DISTRIBUTION 

4.1 Hull-Return Systems — Systems in which insulated conductors 
are provided for connection to one pole of the supply, the hull of the ship 
or other permanently earthed structure being used for effecting connections 
to the other pole. 
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4.2 Single-Phase Two-Wire ac Systems — Single-phase ac systems 
comprising two conductors only, between which the load is connected. 

4.3 Single-Phase Three-Wire ac Systems — Single-phase ac systems 
comprising two conductors and a neutral wire, the supply being taken 
from the two outer conductors or from the neutral wire and either outer 
conductor, the neutral wire carrying only the difference-current. 

4.4 Three-Phase Three-Wire Systems — Systems comprising three 
conductors connected to a three-phase supply. 

4.5 Three-Phase Four-Wire Systems — Systems comprising four con- 
ductors of which three are connected to a three-phase supply and the fourth 
to a neutral point in the source of supply. 

4.6 Primary Distribution Systems — Systems having electrical con- 
nection with the generator. 

4.7 Secondary Distribution Systems — Systems having no electrical 
connection with the generator, for example, isolated therefrom by a double- 
wound transformer or motor-generator. 



SECTION I B — SAFETY ASPECTS 

5. GENERAL 

5.1 Electrical installations in ships should be such that: 

a) services essential for safety will be maintained under various emer- 
gency conditions; 

b) the safety of passengers, crew and ship from electrical hazards will 
be assured; 

c) the recommendations with respect to safety in this standard are 
considered; and 

d) the SOLAS requirements are met as far as is applicable. 

SECTION I C — DISTRIBUTION SYSTEMS 

6. DC DISTRIBUTION SYSTEMS 

6.0 The following systems are considered as standard: 

a) two-wire insulated, 

b) two-wire with one pole earthed without hull return, and 

c) three-wire with middle wire earthed but without hull returru 



IS : 10242 ( Part H/Sec 1 ) - 1982 

6.1 Voltages ( dc ) — Table 1 gives recommended values of nominal 
voltages and maximum voltages allowed for ship's service systems of supply. 



TABLE 1 DC VOLTAGES FOR SHIP'S SERVICE SYSTEMS OF SUPPLY 


Application 


Nominal Voltages 


Maximum Voltages 


(i) 


(2) 


(3) 




V 


V 


Power 


110; 220 


500 


Cooking, heating 


110; 220 


250 



Lighting and socket outlets 
space heaters, portable 
appliances, other consu- 
mers supplied by flexible 
cables and communication 
equipment 24; 110; 220 250 



7. AC DISTRIBUTION SYSTEMS 

7.1 Primary ac Distribution Systems — The following systems are 
recognized as standard for primary distribution: 

a) three-phase three-wire insulated, and 

b) three-phase three-wire with neutral earthed without hull return. 

In addition for all voltages up to and including 500 V : 

a) three-phase four-wire with neutral earthed but without hull return, 

b) single-phase two-wire insulated, and 

c) single-phase two-wire with one pole earthed without hull return. 

7.2 For distribution systems above 500 V, the control voltage should be 
limited to 250 V, except when all control equipment is enclosed in the 
relevant control gear and the distribution voltage is not higher than 1 000V. 

7.3 Secondary ac Distribution Systems — The following systems are 
recognized as standard for secondary distribution: 

a) three-phase three-wire insulated; and 

b) three-phase three-wire with neutral earthed without hull return. 

In addition for all voltages up to and including 500 V: 

a) three-phase four-wire with neutral earthed but without hull return, 

b) single-phase two-wire insulated without hull return, 

c) single-phase two-wire with one pole earthed without hull return, 
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d) single-phase two-wire with mid-wire of system earthed for supplying 
lighting and socket outlets, and 

e) single-phase three-wire with mid-wire earthed but without hull 
return. 

7.4 AC Voltages and Frequencies — In selecting the voltage and 
frequency for the ship's system, due regard should be paid to the voltage 
and frequency of the shore supplies which might be connected to the system, 
and to the effect that a different voltage and/or frequency may have on 
the performance of electrical equipment. 

Table 2 gives the maximum voltages allowed and the preferred values 
of nominal voltages and frequencies for ship's service systems of supply, 

TABLE 2 AC VOLTAGES AND FREQUENCIES FOR SHIP'S SERVICE 
SYSTEMS OF SUPPLY 



Application 



(i) 



1(a) 



Power, heating and 
cooking equipment 

securely fixed and 
permanently connected 



1(b) 



Socket outlet supplying 
equipment, which is 
earthed either perma- 
nently by its fixing or 
by a specific connection 
which incorporates an 
earth-continuity con- 
ductor of a size in acc- 
ordance with Part IV 
of this standard ( under 
preparation ) 



Nominal 


Nominal Frequencies 


Maximum 


Voltages 


(Hz) 




Voltage 


(2) 


(3) 


(4) 


(5) 


Three-Phase 


Three-Phase Three-Phase 


Three-Phase 


V 






V 


115 





60 


1 000 


127 


50 


— 


1 000 


220 \ 


50 


60 


1 000 


240 ) * 


50 


— 


i 000 


380 | + 
415 > T 


50 


— 


1 000 


50 


— . 


1 000 


440 


— 


60 


1 000 


660J§ 


50 


60 


1 000 


3 000/§ 3 300§ 


50 


60 


1 000 


6 000/§ 6 600§ 


50 


60 


11 000 


10 000/S11 000$ 


50 


60 


11 000 


Single-Phase 


Single-Phase Singl 


e-Phase 


Single-Phase 


r 120 


50 


60 


500 


t 220* 


50 


60 


500 


240 


50 


— 


500 



( Continued ) 
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TABLE 2 AC VOLTAGES AND FREQUENCIES FOR SHIPS SERVICE 
SYSTEMS OF SUPPLY — Contd 



3. 



Application 

a) 



Fixed lighting, includ- 
ing outlets for purpose 
not mentioned in items 
1 and 3, but intended 
for apparatus with rein- 
forced or double insula- 
tion or connected by a 
flexible cord or cable 
incorporating an earth- 
continuity conductor of 
a size in accordance 
with Part VI of this 
standard (under prepa- 
ration ) 

Socket outlets for use 
where extra pre- 
cautions against shock 
are necessary: 

a) supplied with or 
without the use of 
isolating transfer- 



Nominal 
Voltages 


Nominal Frequencies 
(Hz) 


Maximum 

Voltage 


(2) 


(3) (4) 


(5) 


Single-Phase 


Single-Phase Singie-Phase 


Singie-Phase 


V 




V 


120 

220 u 
240] 


50 60 
50 60 
50 — 


250 
250 
250 



24 



50 



60 



55 



b) 



Both wires of such 
systems should be insu- 
lated from earth. 



where a safety iso- 


120 


50 


60 


250 


lating transformer 


220 n 
240 j 


50 


60 


250 


is used supplying 


50 


— 


250 


one consuming de- 










vice only 











Note 1 — For limited distribution in excess of 1 000 V see l*art V of this standard ( under 
preparation ) . 

Note 2 — See also 3.1 of Part V of this standard ( under preparation ) . 

Note 3 — For control voltages in distribution systems with voltages above 500 V see 7.2. 

♦Preferred value 230 V. 
^Preferred value 415 V. 
^Preferred value 690 V. 
§For power only. 
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SECTION I D — GENERATING SETS 
8. NUMBER AND RATING OF GENERATING SETS 

8.0 When the number and rating of generating sets to be provided are 
determined, careful consideration shall be given to the normal and maximum 
demands as well as the safe and efficient operation of the ship when at sea 
and in port. The number and rating of generating sets and converting 
sets shall be sufficient to ensure the operation of auxiliary services, indis- 
pensable for the propulsion and safety of the ship, passengers and crew 
and preservation of the cargo, even when one generating set or converting 
set is out of service. The combined normal capacity of the sets shall be at least 
equal to the maximum peak load sustained at sea and during manoeuvring 
unless the peak load and its duration fall within the limits of the specified 
overload capacity of the sets. 

8.1 When ac generators are concerned, attention shall be given to the 
starting of squirrel-cage motors connected to the system, particularly with 
regard to the effect of the magnitude and duration of the transient voltage 
change produced due to the maximum starting current and power factor. 

8.2 If ac generating sets operate in parallel and are carrying initially the 
minimum load necessary for the operation of the ship, they shall have 
sufficient reserve output with respect to the largest idle motor on the system, 
to enable this motor to be started. Moreover, the voltage drop due to such 
starting current shall not cause any motor already operating to stall or 
have any adverse effect on other equipment in use. 

8.3 Where only two main generating sets are provided, one of which 
depends directly on the functioning of the propulsion machine ( such as a 
turbogenerator driven by exhaust gases, coupled generators, etc ) it shall 
be possible to start the propulsion installation independently of these two 

sets. 

SECTION I E — DISTRIBUTION SYSTEM REQUIREMENTS 
9. GENERAL 
9.1 Earthed Distribution Systems 

9.1.1 System earthing should be effected by means independent of any 
earthing arrangements of the non-current carrying parts, 

9.1.2 Means of disconnecting should be fitted in the neutral earthing 
connection of each generator, so that the generator may be disconnected 
for maintenance. 
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9.1.3 In distribution systems with neutral earthed and generators intended 
to run with neutrals interconnected, manufacturers should be informed, 
so that the machines can be suitably designed to avoid excessive circulating 
currents. This is particularly important if they are of different sizes and 
makes. 

Note — Transformer neutrals should not be earthed unless all corresponding 
generator neutrals are disconnected from the system ( for example, during short supply) . 

9.2 Insulated Distribution Systems 

9.2.1 Every insulated distribution system, whether primary or secondary, 
should be provided with means to indicate the state of insulation from 
earth. For Tankers see Part V of this standard ( under preparation ) . 

9.2.2 For insulated distribution systems with a nominal voltage exceeding 
500 V, consideration should be given to installing a device or devices, 
which continuously monitor the insulation level and give audible and 
visual alarm in case of abnormal conditions. 

10. METHODS OF DISTRIBUTION 

10.1 The output of the ship's service generators can be supplied to the 
current consumers by the way of either : 

a) branch system, or 

b) meshed network or ring-main. 

10.2 The cables of a ring-main or other looped circuit ( for example, 
inter-connecting section boards in a continuous circuit ) should be formed 
of conductors having sufficient current-carrying and short-circuit capacity 
for any possible load and supply configuration. 

11. BALANCE OF LOADS 

11.1 Balance of Load on Three-Wire dc Systems — Current-consuming 
units connected between an outer conductor and the middle wire shall 
be grouped in such a way that, under normal conditions, the load on the 
two halves of the system is balanced as far as possible within 1 5 percent 
at the individual distribution and section boards as well as the main switch- 
board of their respective load. 

11.2 Balance of Loads in Three- or Four-Wire ac Systems — For ac 

three- or four-wire systems, the current-consuming units should be so 
grouped in the final sub-circuits that the load on each phase will, under 
normal conditions, be balanced as far as possible within 15 percent at the 
individual distribution and section boards as well as the main switchboard 
of their respective load. 

10 
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12. SINGLE-WIRE SYSTEMS WITH HULL RETURN 

12.1 Where hull return systems are permitted, all final sub-circuits shall 
consist of two insulated wires, the hull return being achieved by connecting 
to the hull one of the busbars of the distribution board from which they 
originate. 

Earth ( ground ) wires shall be in accessible locations to permit their 
ready examination and to enable their disconnection for the testing of 
insulation. 

In dc hull return systems, all cables inside the magnetic compass zone 
shall be arranged in a bipolar manner. 

Depending on the current of the respective circuit, this shall apply 
to the following spherical radii around the magnetic compass, except 
where a steel bulkhead or deck intervenes. The outgoing and the returning 
wire shall be arranged in one cable or be directly side by side. 

Current ( A ) Spherical Radius 

Up to 10 5 m 

Over 10 up to 50 7 m 

Over 50 9 m 

For radio telegraph installations or other essential radio apparatus, 
including direction-finders, the manufacturer's data are valid. 

12.2 Hull return systems shall not be used in tankers for which Part V of 
this standard ( under preparation ) applies. 

13. FINAL SUB-CIRCUITS 

13.0 A separate final sub-circuit shall be provided for every motor required 
for an essential service and for every motor rated at 1 kW or more. 

Final sub-circuits rated above 16 A shall supply not more than one 
appliance. 

13.1 Final Sub-Circuits for Lighting — Final sub-circuits for lighting 
shall not supply appliances for heating and power, except that small galley 
equipment ( for example, toasters, mixers, coffee makers ) and small 
miscellaneous motors ( for example, desk and cabin fans, refrigerators ) 
and wardrobe heaters and similar items may be supplied. 

In a final sub-circuit having a current rating not exceeding 16 A, the 
total connected load shall not exceed 80 percent of the set current of the 
final sub-circuit protective device. 

11 
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The number of lighting points supplied by a final sub-circuit having 
a current rating not exceeding 16 A shall not exceed the following maxima: 

Voltage Maximum Number of Points 

Up to 55 V 10 

From 56 V to 120 V 14 

From 121 V to 250 V 18 

In cornice-lighting, panel-lighting and electric signs, where lamp- 
holders are grouped in close proximity to each other and are connected 
to the circuit with fixed wires, more than the number of points specified 
above may be connected to a final sub-circuit, provided the maximum 
operating current in the final sub-circuit does not exceed 10 A. 

13.1.1 In the absence of precise information regarding lighting loads 
of the final sub-circuits, it may be assumed that every lampholder requires 
a current equivalent to the maximum load likely to be connected to it, 
which is assumed to be at least 60 W except that, where the lampholder 
is so constructed as to take only a lamp rated at less than 60 W, the current 
rating may be assessed accordingly. 

13.1.2 Final sub-circuits for lighting in accommodation spaces may as 
far as practicable, include socket outlets. In that case, each socket outlet 
counts for two lighting points* 

13.2 Final Sub-Circuits for Heating — Each heater shall be connected 
to a separate final sub-circuit, except that up to 10 small heaters of total 
connected current rating not exceeding 16 A may be connected to a single 
final sub-circuit. 

14. SOCKET OUTLETS 

14.1 Socket Outlets for portable lamps and small domestic appliances may 
be grouped together as mentioned in 13.1.2. 

14.2 Socket outlets for systems above 250 V shall be rated not less than 16 A. 

14.3 Where differing distribution systems supplying socket outlets are 
in use, the socket outlets and plugs shall be of such design that an incorrect 
connection cannot be made. 

15. LIGHTING CIRCUITS IN MACHINERY SPACES, ACCOMMO- 
DATION SPACES, CARGO SPACES, ETC 

15.1 In spaces such as : 

a) main and large machinery spaces; 

b) large galleys; 

c) corridors; 

d) stairways, leading to boat-decks; and 

e) public spaces, 

12 
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there should be more than one final sub-circuit for lighting, one of which 
may be supplied from the emergency switchboard, in such a way that 
failure of any one circuit does not reduce the lighting to an insufficient level. 

15.2 Fixed lighting circuits in cargo spaces are to be controlled by multipole 
linked switches situated outside the cargo spaces. Means are to be provided 
to indicate when such circuits are alive. 

16. SHORE CONNECTIONS 

16.1 Where arrangements are made for the supply of electricity from a 
source on shore or elsewhere, a suitable termination arrangement shall be 
installed on the ship for the convenient reception of the flexible cable from 
tne external source. Fixed cables of adequate rating shall be provided 
between the termination point and the main or emergency switchboard. 

16.2 An earth terminal shall be provided for connecting the hull to an 
appropriate earth. 

16.3 The shore connection shall be provided with an indicator at the main 
or emergency switchboard in order to show when the cable is energized. 

16.4 Means shall be provided for checking the polarity ( for dc ) or the 
phase sequence ( for three-phase ac ) of the incoming supply in relation 
to the ship's system. 

16.5 At the connection box, a notice shall be provided giving full informa- 
tion on the system of supply and the normal voltage ( and frequency if ac ) 
of the ship's system and the procedure for carrying out the connection. 

16.6 Provision shall be made for attaching the trailing cable to the frame- 
work, so that mechanical stress is not applied to the electrical terminals. 

16.7 Any transformer used for shore-connection shall be of the double 
wound type. 

17. NAVIGATION LIGHTS 

17.1 The masthead, side and stern lights shall be separately connected to 
a distribution board, placed in an accessible position on the bridge and 
which is reserved for this purpose and is connected directly or through 
transformers to the main or emergency switchboard. Provision is to be made 
on the bridge for the navigation lights to be transferred to an alternative 
supply. 

13 
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17.2 Each such navigation light shall be protected by a fuse in each in- 
sulated pole and provided with a double-pole switch or alternatively by 
a double-pole circuit-breaker fitted on the distribution board referred to 
above. 

17.3 Each such navigation light shall be provided with an automatic 
indicator which gives aural and/or visual warning in the event of extinction 
of the light. If an aural device is used, it shall be connected to a separate 
source of supply, for example, a primary or accumulator { storage ) battery. 
If a visual signal is used which is connected in series with the navigation 
light, means shall be provided to prevent the extinction of the navigation 
light due to failure of the visual signal. 

18. RADIO INSTALLATIONS 

18*1 A special circuit from the main switchboard or the emergency switch- 
board shall be provided for supplying radio installations. 

19. SUBMERSIBLE PERMANENTLY INSTALLED BILGE-PUMPS 

19.1 The motors of submersible, permanently installed, bilge-pumps shall 
be connected to the ship's service emergency switchboard, if any. 

19.2 Cables and their connections to such pumps shall be capable of 
operating under a head of water equal to their distance below the bulkhead 
deck. The cable shall be impervious sheathed and armoured and shall be 
installed in continuous lengths from the above bulkhead to the motor 
terminals and shall enter the air bell from the bottom. 

19.3 Under all circumstances, it shall be possible to start the motor of a 
submersible, permanently installed, bilge-pump from a convenient point 
above the bulkhead deck. 

19.4 If an additional local-starting device is provided at the motor, the 
circuit shall be arranged to provide for the disconnection of all control 
wires therefrom at a position adjacent to the starter installed on deck. 

20. MOTOR CIRCUITS 

20.1 Starting of Motors — Each motor shall be provided with control- 
gear ensuring satisfactory starting of the subject motor. Depending on the 
capacity of the generating plant or the cable network, it may be necessary 
in certain cases to limit the starting current to an acceptable value. The 
supply of the motor controlgear auxiliary circuits or the design of this 
equipment shall be such that proper functioning is not affected by the 
voltage drop on the main circuit during starting. 

14 
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20*2 Means of Disconnection — Means shall be provided for the dis- 
connection of the full load from all live poles of supply of every motor rated 
at 0*5 kW or above and its controlgear. Where the controlgear is mounted 
on or adjacent to a main or auxiliary distribution switchboard, a disconnect- 
ing switch in the switchboard may be used for this purpose. 

~ Otherwise, a disconnecting switch within the controlgear enclosure 
or a separate enclosed disconnecting switch shall be provided. 

20.3 Starters Remote from Motors — When the starter or any other 
apparatus for disconnecting the motor is remote from the motor, it is re- 
commended that either: 

a) provision should be made for locking the circuit disconnecting in 
the "off" position, or 

b) an additional disconnecting-switch should be fitted near the motor, 
or 

c) the fuses in each live pole or phase should be so arranged that they 
can be readily removed and retained by persons authorized to 
have access to the motor. 

20.4 Master-Starter System — When a single master-starter system 
( for example, a starter used for controlling a number of motors successively ) 
is used, the apparatus shall provide, for each motor, under-voltage and 
overcurrent protection and means of disconnection not less effective than 
that required for systems using a separate starter for each motor. 

Where the master-starter is of the automatic type, suitable alternative 
or emergency means shall be provided for manual operation. Where the 
starter is used for the starting of motors for essential services, the starting 
portion shall be duplicated and means shall be provided for the duplicate 
gear to be put into operation in the event of failure of one of the starters. 

21. LUMINAIRES 

21.1 Discharge Lamp Luminaires of Voltages above 250 V — Each 
discharge lamp luminaire or installation shall be provided with a multipole 
( all poles ) disconnecting switch in an accessible location. Such switch 
shall be clearly marked and a warning note shall be placed nearby. 

Switches or other current-interrupting devices shall not be installed 
in the secondary circuit of transformers. 

21.2 Searchlights and Arc Lamps — Disconnecting of every searchlight 
or arc lamp shall be by a multipole ( all poles ) disconnecting switch. 

If a series resistor is used with an arc lamp, the disconnecting switch 
shall be so placed in the supply circuit that both the series resistor and 
the arc lamp are disconnected when the switch is in the * off ' position 
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21.3 Choice of Luminaires — Depending on their location, luminaires 
shall as a minimum have the degree of protection given in Table 5. 

22, TELECOMMUNICATION CIRCUITS 

22.1 Supply from Power or Lighting Circuits — Where a communi- 
cation circuit takes its supply directly from power or lighting circuits and 
in other cases where the voltage of supply exceeds 55 V, all equipment 
is to be in accordance with the recommendations for power and lighting 
circuits. 

22.2 Supply from an Individual Source — Where a communication 
system derives its supply from motor generators, primary or secondary 
batteries or transformers and rectifiers, at a voltage below 55 V, and is 
entirely electrically isolated from the lighting and power circuits, the 
switches, resistors, distribution-boards, accessories, instruments and other 
apparatus shall be of robust design and so installed as to ensure an ample 
margin of safety, having regard to the system voltage and the place of 
installation. 

22*3 Engine Room Telegraphs or Similar Devices — In the event 
of failure of supply to the engine room telegraph or similar devices, an 
indication shall be given on the bridge. 



SECTION i F — DiVERSiTY (DEMAND) FACTORS 

23. FINAL SUB-CIRCUITS 

23.1 The cables of final sub-circuits shall be rated in accordance with 
their connected load. 

24. circuits other than final sub-circuits 

24.1 Circuits supplying two or more final sub-circuits shall be rated in 
accordance with the total connected load subject, where justifiable, to 
the application of a diversity ( demand ) factor in accordance with 25 
and 26. 

Where spare ways are provided on a section or distribution board, 
an allowance for future increase in load shall be added to the total connected 
load, before the application of any diversity factor. The allowance shall 
be calculated on the assumption that each spare circuit requires not less 
than the average load on each of the active circuits of corresponding rating. 
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25. APPLICATION OF DIVERSITY ( DEMAND ) FACTORS 

25.1 A diversity (demand) factor may be applied to the calculation of 
the cross-sectional area of conductors and to the rating or switchgear, 
provided the known or anticipated conditions in a particular part of an 
installation are suitable for the application of diversity. 

26. MOTIVE-POWER CIRCUITS— GENERAL 

26.1 The diversity factor shall be determined according to the circumstances. 
The normal full-load shall be determined on the basis of the name-plate 
ratings of motors: if these ratings are not available, the ratings given in 
Table 3 shall be assumed. 

In the assessment of diversity factors of ac motive power circuits, 
account shall be taken of the relatively small decrease in current con- 
sumption of partially-loaded motors. 

27. CARGO HANDLING WINCH AND CRANE CIRCUITS 

27.1 For cargo handling winches and cranes, a diversity factor may be 
applied based on information available from the manufacturer and to be 
agreed upon between the manufacturer and the purchaser. If there is^ no 
information available, the diversity factors of Table 4 may be applied. 

SECTION « G — DEGREES OF PROTECTION 

28. GENERAL 

28.1 Depending on its location, electrical equipment shall as a minimum 
have the degree of protection as given in Table 5. 

SECTION I H — CABLES 

29. CHOICE OF CABLES 

29.1 This section applies in full to the cables intended for low voltage 
power systems* 

30. CHOICE OF INSULATION 

30.1 The rated voltage of any cable shall not be lower than the nominal 
voltage of the circuit for which it is used. 

30.2 The rated operating temperature of the insulating material shall be 
at least 10°C higher than the maximum ambient temperature likely to 
exist, or to be produced, in the space where the cable is installed. 
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TABLE 3 APPROXIMATE FULL-LOAD CURRENTS OF DC AND 
THREE-PHASE AC MOTORS 



Mechanical 
Output r- 

Motors 



{Clause 26.1) 
Approximate Full-Load Current (A) 



dc 

_ A— 



Three-Phase ac 



at 110 Vat 220 V 



at 380 V and 50 Hz 



at 440 V and 60 Hz 



— * 
— * 



750 I 000 1 500 3 000 900 1 200 1 800 3 600 



kW 






r/min r/min r/min r/min 


r/min r/min r/min r/min 


025 


4-2 


2-n 


















0-37 
0*55 


5-8 

8'4 


2*9 1 

4*2 f 


( See Note 2 ) 














0-75 


10'4 


5*2j 


















1-1 


14'8 


7*4 


3*4 


3 


2*7 


2-5 


2*7 


2*54 


2 


1*9 


1-5 


19 


9'5 


4*3 


3'9 


3*6 


3*4 


3*6 


3-3 


3-1 


3 


2-2 


26 


13 


6 


5'5 


5*1 


49 


5*2 


50 


46 


4'2 


3 


36 


18 


7*7 


7*2 


6*8 


6*5 


7 


66 


6*3 


5*8 


4 


46 


23 


10 


9*5 


9 


8*2 


8*9 


8^5 


8*1 


7*2 


5-5 


62 


31 


13 


12*5 


12 


11*5 


12 


11 


11 


10 


7.5 


82 


41 


18 


17 


16 


15 


15 


14 


14 


13 


11 


118 


59 


25 


24 


23 


22 


21 


20 


20 


19 


15 


160 


80 


32 


31 


31 


30 


27 


26 


26 


25 


18-5 


196 


98 


40 


39 


38 


37 


33 


32 


32 


30 


22 


230 


115 


47 


46 


45 


44 


38 


37 


37 


35 


30 


310 


155 


62 


60 


59 


58 


52 


50 


49 


48 


37 


382 


191 


76 


74 


73 


72 


63 


61 


60 


59 


45 


462 


231 


91 


88 


87 


84 


76 


74 


72 


71 


55 


562 


281 


110 


106 


105 


103 


93 


90 


88 


87 


75 


764 


382 


147 


142 


140 


136 


125 


121 


119 


118 


90 


914 


457 


174 


171 


169 


166 


150 


145 


142 


141 


110 


1 114 


557 


213 


210 


205 


200 


182 


176 


173 


172 


132 


— . 


667 


253 


248 


243 


238 


217 


211 


208 


208 



Note 1 — It should be understood that the figures in the table are not necessarily those 
of particular motors, but are average values and that particular values will be affected by 
speed, efficiency and power factor, for example, the efficiencies of slower ( and larger ) 
machines are necessarily somewhat less than those of faster ( and smaller ) models having 
the same about rating. 

The figures may, however, be taken as sufficiently near the individual currents for the 
purpose of 26. 

Note 2 — Values for three-phase ac motors with an output of less than 1 kW have no 
meaning as in this region values vary widely. 
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TABLE 4 DIVERSITY FACTORS FOR CARGO HANDLING WINCH AND 

CRANE CIRCUITS 



No. OF 
Motors 



(1) 
2 
3 
4 
5 
6 or more 



Cases in Which Motors are of the 
Same Size 

(2) 

100 percent of combined full-load of 

motors 
67 percent of combined full-load of 

motors 
62 percent of combined full-load of 

motors 
60 percent of combined full-load of 

motors 
58 percent of combined full-load of 

motors 



(Clause 27.1) 
Current to be Provided for 

- A. . 



Cases in Which Motors are of 
Different Sizes 



(3) 



100 percent of full-load of the 
largest motor + 50 percent 
of full-load of each one of 
the other motors 



31. CHOICE OF PROTECTIVE COVERINGS 

31.1 Gables fitted on decks exposed to the weather, in damp and wet 
situations ( for example, bathrooms ), in cargo holds, in refrigerated spaces, 
in machinery compartments and in general where water condensation or 
harmful vapours ( including oil vapour ) may be present, shall have an 
impervious sheath. 

Note — PVC, CSP and PGP sheaths are considered as, ' impervious ' in this con- 
text, although not suitable for permanent immersion in liquids. 

31.2 In choosing different types of protective coverings, due consideration 
shall be given to the mechanical actions to which each cable may be sub- 
jected during installation and in service. 

If the mechanical strength of the protective covering is considered 
insufficient, the cables shall be fitted in pipes or conduits, or be otherwise 
protected. 

31.3 Cables shall have ' flame-retardant ' or ' fire resisting ' characteri- 
stics, as defined in the relevant Indian Standard. 

31.4 For single-core cables to be used with alternating current, see Part 4 
of this standard ( under preparation ). 
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32. CABLES FOR FIRE ALARM, FIRE DETECTION AND EMER- 
GENCY FIRE EXTINGUISHING SERVICES 

32.1 In circuits used for fire alarm and detection, emergency fire ex- 
tinguishing service, fire telecommunication, remote stopping and similar 
control circuits for safety purposes, consideration shall be given to the use 
of ' fire resisting ' cables unless : 

a) the systems are of self-monitoring type or failing to safety; 

b) the systems are duplicated, and 

c) the power source and the consumer are in the same room. 

33. DETERMINATION OF THE CROSS-SECTIONAL AREAS OF 
CONDUCTORS 

33.0 The cross-sectional area of each conductor shall be large enough for 
the following conditions to be compiled with: 

33.1 The highest load liable to be carried by the cable shall be calculated 
from the load demands and diversity factors of circuits, machinery, etc, 
supplied by the cable (see 39). 

The £ corrected current rating ' of each cable shall not be lower than 
the highest current likely to be carried by the cable concerned. The ' cor- 
rected current rating ' is calculated by applying the relevant correction 
factors (see 35 and 37) to the 'current rating for continuous services' 
given in Table 6. 

33.2 The voltage drop in the circuit, when carrying the highest load, shall 
not exceed the limits specified for the circuits concerned ( see in particular 
38). 

33.3 After having been determined by the foregoing calculations, the 
cross-sectional area shall be checked, taking into consideration the tempera- 
ture rises liable to be caused by short-circuits (see 42) and motor starting 
current (see 37). 

33.4 The mechanical strength of conductors shall be sufficient for the 
installation and working conditions. 

33.5 The cross-sections of the earth conductors shall comply with 6.2 of 
Part IV of this standard ( under preparation). 

Note — The tables incorporated in these standards for the current ratings and 
correction factors give only average values, which are not exactly applicable to all 
cable constructions and all installation conditions existing in practice. They are never- 
theless recommended for general application, considering that the errors ( a few degrees 
Gelcius in the estimated operating temperature ) are of little importance against the 
advantages of having a single international standard for the evaluation of the current 
ratings. In particular cases, however, a more precise evaluation shall be permitted, 
based on experimental or calculated data acceptable to all interested parties. 
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Example of Location 



(1) 



Condition in Location 



(2) 



TABLE 5 MINIMUM REQUIREMENTS FOR THE DEGREE OF PROTECTION 

{Clauses 21.3 and 28.1 ) 

Equipment 



Design 
According to 
Degree of t 
Protection 

Glass 

(3) 



X Complies with column 3 
— Not recommended 



Switchboards Generators Motors Transformers Luminaires Cooking 

Control Gear Semiconductor Appliances 

Motor Starters Converters 

(4) (5) (6) (7) (8) (9) 



Heating Accessories, 
Appliances e.g., Switches 
Branch Boxes 



(10) 



(") 



Tankers ( see Note 1 ) 
Ammonia plant rooms 
Battery rooms 
Lamp rooms 
Paint stores 

Stores for welding gas bottles 
Holds classified as hazardous 
Tunnels for pipes containing 

oil with a flash point 

below 60°C 
Dry accommodation spaces 
Dry control rooms 

Control rooms ( nav. bridge) 

Engine and boiler rooms 
above floor 

Steering gear rooms 

Refrigerating machinery 
rooms ( excluding am- 
monia plants) 

Emergency machinery rooms 

General store rooms 

Pantries 

Provision rooms 

Bathrooms and showers 
Engine and boiler rooms 

below floor 
Closed fuel oil separator 

rooms 
Closed lub oil separator 

rooms 

Ballast pump rooms 
Refrigerated rooms 
Galleys and laundries 

Shaft or pipe tunnels in 

double bottom 
Holds for general cargo 



Danger of explosion 



Certified 
Safe Type 
( see Note 2) 



Danger of touching 
live parts only 

Danger of dripwater 
and/or moderate 
mechanical damage 



IP 20 



IP 22 



X 
X 

X 
X 

X 
X 



X 
X 

X 
X 



X 
X 

X 

X 

X 
X 



X 
X 
X 
X 



X 
X 

X 
X 

X 
X 



X 
X 
X 
X 



Increased danger of 
water and/or 

mechanical damage 



IP 34 



IP 44 
IP 44 



IP 44 
IP 44 



— IP 44 



IP 44 



X 
X 

X 



X 
X 

X 



Open decks 



IP 55 



IP 56 



X 
X 



X 


— - 


X 


— 


X 


— 


X 


— 


X 


— 


X 


— 


X 


— 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


IP 44 


X 


IP 44 


X 


IP 44 


X 


IP 44 


IP 34 


X 


IP 34 


X 


IP 34 


X 



X 
X 

X 
X 



Note 4 
X 
X 
X 
X 
X 



X 
X 



X 
IP 44 

IP 44 
IP 44 



IP 44 

X 
IP 44 

X 

IP 55 
IP 55 

IP 55 

IP 55 



IP 55 
IP 55 

X 
IP 56 



Increased danger of 
water and 

mechanical damage 

Danger of water spraying 

presence of cargo dust 
Serious mechanical damage 
Aggressive fumes 

Danger of water in 
massive quantities 

Note 1 — ■ For tankers see Part V, Appendix A of this standard ( under preparation ) . 

Note 2 — Certified safe type equipment referred to in IS : 8240-1976* may need additional enclosure requirements for spaces on open decks or other spaces where wet conditions 
are expected. The examples above may be used as guidelines. 

Note 3 „ Where the protection is not achieved by the equipment itself, other means or the location where it is installed ; 
Note 4 — Socket outlets shall not be installed in machinery spaces below the floor, closed fuel and lub oil separator rooms < 
Note 5 — For hazardous dust and appropriate enclosure in IP 66 or certified safe type. 

*Guide for electrical equipment for explosive atmosphere. 



IP 55 



L shall ensure the degree of protection required in the table, 
j or spaces requiring certified safe type equipment. 
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TABLE 6 CURRENT RATINGS IN AMPERES, IN CONTINUOUS SERVICE FOR 

SINGLE-CORE CABLES 

( Ambient Temperature 45°G ) 

( Clauses 33.1, 34.2, 34.3, 36.1, 37.1 s 37.2 a«^41.3 ) 



Nominal 


General 


Heat 


Butyl 


EPR 


Silicone Rubber 


Gross-Sectional 


Purpose 


Resisting 


Rubber 


AND 


and Mineral 


Area 


PVG 


PVG 




XLPE 


Insulation 




60°C* 


75°C* 


80°G* 


85°C* 


95°G* 


(i) 


(2) 


(3) 


(4) 


(5) 


(6) 


mm 2 


A 


A 


A 


A 


A 


1 


8 


13 


15 


16 


20 


1-5 


12 


17 


19 


20 


24 


2*5 


17 


24 


26 


28 


32 


4 


22 


32 


35 


38 


42 


6 


29 


14 


45 


48 


55 


10 


40 


57 


63 


67 


75 


16 


54 


76 


84 


90 


100 


25 


71 


100 


110 


120 


135 


35 


87 


125 


140 


145 


165 


60 


105 


150 


165 


180 


200 


70 


135 


190 


215 


225 


255 


95 


165 


230 


260 


275 


310 


120 


190 


270 


300 


320 


360 


150 


220 


310 


340 


365 


410 


185 


250 


350 


390 


415 


470 



240 
320 



290 
335 



415 
475 



460 
530 



490 
560 



Note 1 — The current ratings / in amperes of Table 6 have been calculated for 
each nominal cross-sectional area S in square millimetres, with the formula : 

/=« xS°'* zs 

where a is a coefficient related to the maximum permissible service temperature of the 
conductor as follows: 



Maximum Permissible Temperature 
of the Conductor 


60°G 75°G 80°G 85°G 95°G 


Values 
of : « 


For nominal ^ 2 * 5mm 2 

cross-sectional 

area < 2 '5mm 2 


9*5 13*5 15 16 18 
8 13 15 16 20 



Note 2 — When a mineral insulated cable ( see 29 ) is installed in such a location 
that its copper sheath is liable to be touched by hand when in service, the current 
rating shown in Gol 6 should be multiplied by the correction factor 0'80 in order 
that the sheath temperature does not exceed 70°C. 

♦Maximum permissible service temperature of the conductor. 
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34. CURRENT RATINGS FOR CONTINUOUS SERVICE 

34.1 * Continuous service ' for a cable shall be considered, for the purpose 
of this standard, as a current carrying service ( with constant load ) having 
a duration longer than three times the ( thermal time constant ' of the 
cable, that is, longer than the ( critical duration ? ( see Fig, 2 ), 

34.2 The current ratings for continuous services recommended for single- 
core cables for various insulating materials are given in Table 6, 

These current ratings are applicable, with fair approximation, what* 
ever the type of covering ( for example., both armoured and unarmoured 
cables ) . 

Note — All the values have been calculated for an ambient temperature of 45°G 
and assuming that a conductor temperature equal to the maximum rated temperature 
of the insulation is reached and maintained continuously in the case of a group of 
four cables bunched together and laid in free air ( however, see also 36.1 ). For different 
conditions, see the following clauses. 

34*3 For two, three and four conductor cables, the current ratings given 
in Table 6 should be multiplied by the following ( approximate ) correction 
factors : 

0* 85 for two-core cables 

0* 70 for three and four-core cables. 

35. CORRECTION FACTORS FOR DIFFERENT AMBIENT AIR 
TEMPERATURES 

35.1 The ambient temperature of 45°C, on which the current ratings in 
Table 6 are based, is considered as a standard value for the cooling-air 
temperature, generally applicable for any kind of ship and for navigation 
in any climate. 

When, however, ships for particular vses are considered ( for instance, 
coasters, ferries, harbour craft ), so that the ambient temperature is known 
to be permanently lower than 45°C, the current ratings from Table 6 may 
be increased ( but in no case should the ambient temperature be considered 
to be lower than 35° C ). 

When, on the other hand, it is to be expected that the air temperature 
around the cables could be higher than 45°C ( for instance when a cable 
is wholly or partly installed in spaces or compartments where great heat 
is produced or higher cable temperatures could be reached due to heat 
transfer ) , the current ratings from Table 6 should be reduced. 

The correction factors for these cases are given in Table 7. 
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TABLE 7 CORRECTION FACTORS FOR VARIOUS AMBIENT 










AIR TEMPERATURES 


















(Clause 35.1 ) 












Maximum 

Conductor 
Temperature 




Correction Factors for Cooling-Air Temperature of 




35°C 


40°C 


45°C 


50°C 


55°C 


60°C 


65°C 


70°C 


75°C 


80°C 


85°C 


(1) 
°C 
60 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(H) 


(12) 


1 29 


1-15 


1*00 


082 
















65 


1-22 


1-12 


1*00 


0*87 


0*71 


— 


— 


— ■ 


— 


— . 


— 


70 


1*18 


1-10 


1*00 


0*89 


0*77 


0*63 


— . 


— 


— 


— 


— . 


75 


1*15 


1*08 


1*00 


0-91 


0*82 


0*71 


0*58 


— . 


. — 


— . 


— 


80 


1*13 


1*07 


1*00 


0*93 


0*85 


0*76 


0*65 


0*53 


— 


— 


— 


85 


1-12 


1*06 


l'OO 


094 


087 


0*79 


0*71 


0*61 


0*50 


— 


— - 


90 


1-10 


1*05 


1*00 


0*94 


0*88 


0*82 


0*74 


0*67 


0*58 


0*47 


— . 


95 


1-10 


1*05 


1*00 


0*95 


0*89 


0*84 


0*77 


0*71 


0*63 


0*55 


0*45 



36. CORRECTION FACTORS FOR CABLE GROUPING 

36.1 The current rating values given in Table 6 ( and those derived there- 
from ) may be considered applicable, without correction factors, for cables 
bunched together on cable trays, in cable conduits, pipes or trunking, 
unless more than six cables, which may be expected to operate simultane- 
ously at their full rated capacity, are laid close together in a cable bunch 
in such a way that there is absence of free air circulation around them, 
when a correction factor of 0*85 should be applied. 

Note — Cables are said to be bunched when two or more are contained within a 
single conduit, or duct, or if not enclosed, are not separated from each other. 

37. CORRECTION FACTORS FOR NON-CONTINUOUS SERVICES 

37.1 If a cable is intended to supply a motor or equipment operating for 
periods of half an hour or one hour, its current rating, as given by Table 6, 
may be increased using the relevant correction factors given by Fig. L 
The correction factors in Fig. 1 are applicable only if the intermediate 
periods of rest are longer than the critical duration which is equal to three 
times the time constant of the cable, given in the Fig. 2 as a function of the 
cable diameter. 

Note — The correction factors given in Fig, 1 are approximate and are mainly 
dependent upon the diameter of the cable. In general, the half-an-hour service is appli- 
cable to mooring-winches, windlasses, heavy cargo winches and bowthrusters. The 
half hour rating might not be adequate for automatic tensioning mooring winches 
and bowthrusters of specialized vessels. 
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37.2 For cables supplying a single motor or other equipment intended to 
operate in an intermittent service, as is generally the case for cargo winches 
( except heavy cargo winches ) , engineroom cranes and similar devices, 
the current ratings as given in Table 6 may be increased by applying the 
correction factor given by Fig. 3. The correction factor given in Fig. 3 
has been roughly calculated for periods of 10 min, of which 4 min are with 
a constant load and 6 min without load. 
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Ts = Service Time 
Fig. 1 Correction Factors for Half-hour and One-hour Service 
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Fig. 2 Time Constant of Gables 



38. VOLTAGE DROP 

38.1 The cross-sectional areas of conductors shall be so determined that 
the drop in voltage from the main or emergency switchboard bus-bars to 
any and every point on the installation when the conductors are carrv ^ 
the maximum current under normal conditions of service, does not exceed 
6 percent of the nominal voltage. For supplies from batteries with a voltage 
not exceeding 50 V this figure may be increased to 10 percent. 
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CORRECTION h~ z *VVTl 
FACTOR -l/" fT\ 



10 20 30 40 50 60 70 80 90 
OVERALL DIAMETER OF THE CASLE (mm) 

Intermittence Period — 10 min 
Intermittence Ratio = 40% 

Fig. 3 Correction Factor for Intermittent Service 

For navigation lights, it may be necessary to limit voltage drops to 
lower values in order to maintain required lighting output and colour. 

The above values are applicable under normal steady conditions. 
Under special conditions of short duration, such as motor starting, higher 
voltage drops may be accepted, provided the installation is capable of 
withstanding the effects of these higher voltage drops, 

39. ESTIMATION OF LIGHTING LOADS 

39.1 In the absence of precise information regarding lighting loads of 
final sub-circuits, it may be assumed that every lampholder requires a 
current equivalent to the maximum load likely to be connected to it, 
which is assumed to be at least 60 W, except that, where the lampholder 
is so constructed as to take only a lamp rated at less than 60 W, the current 
rating may be assessed accordingly. 

Each lighting socket outlet will count for two lighting points. 

Note — Lighting branch circuits may also supply small galley equipment ( such as 
toasters, mixers, coffee makers ) and small domestic equipment ( such as desk fans, 
refrigerators, etc). 
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40. PARALLEL CONNECTION OF CABLES 

40.1 The current-carrying capacity of cables connected in parallel is the 
sum of the current ratings of all parallel conductors, provided the cables 
have equal impedance, cross-section and rated conductor temperatures. 
The connection in parallel will be permitted only for cross-sections of 10 mm 2 
or more. 

4L SEPARATION OF CIRCUITS 

41.1 Separate cables are to be used for all circuits requiring individual 
short-circuit/overcurrent protection, expect for circuits mentioned hereafter : 

a) a control circuit which is branched off from its main circuit ( for 
example, for an electric motor ) may be carried in the same cable 
as the main circuit, provided the main-circuit and the subsidiary 
control circuit are controlled by a common isolator; and 

b) non-essential circuits with voltages not exceeding the ' safety 
voltage' as defined in Part 1 of this standard {under preparation), 

41.2 In the case of essential electrical equipment for which it is mandatory 
to have at least two supplies, for example, steering gear installations, 
the supply and any associated control cables shall follow different 
routes, which should be separated both vertically and horizontally as far as 
practicable, 

41.3 Gables having insulating materials with different maximum rated 
conductor temperatures ( see Table 6 ) should not be bunched in a common 
clip, gland conduit or duct. When this is impracticable, the cables shall 
be so selected that no cable reaches a temperature higher than its rating. 

41.4 Where it is required to divide a ship into fire zones ( such as is generally 
the case on passenger ships), cable runs shall be so arranged that a fire 
in any main vertical fire zone will not interfere with essential services in 
any other such zone. 

This will be met if main and emergency cables passing through 
any zone are separated both vertically and horizontally as widely as is 
practicable. 

42. SHORT-CIRCUIT CAPACITY 

42.1 Gables and their insulated conductors shall be capable of withstanding 
the mechanical and thermal effects of the maximum short circuit current 
which can flow in any part of the circuit in which they are installed, taking 
into consideration not only the time/current characteristics of the circuit 
protective device, but also the peak value of the prospective short-circuit 
current during the first half cycle. 
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43. GABLES IN REFRIGERATION SPACES 

43.1 Gables to be installed in refrigeration spaces shall include a water- 
tight or impervious sheath and shall be protected against mechanical 
damage. Gables insulated or sheathed with PVC shall not be used in refri- 
gerated spaces unless the relevant PVC compounds are appropriate to the 
low temperature-expected. 

If the armour is made of non-corrosion- resisting material, it shall be 
protected against corrosion by a moisture resisting and low-temperature 
resisting covering. 

43.2 Cables installed in refrigeration spaces shall not be covered by thermal 
insulation. They shall be secured to perforated tray plates ( made for 
instance of galvanized steel ) or other suitable supports, which shall be so 
placed as to leave a space between the back of the plates and the face of 
the refrigeration chamber. 

If a cable has thermoplastic or elastomeric extruded sheath, it may be 
placed directly on the face of the refrigeration chamber. 

The casual use of cables as a means of suspension should be obviated 
by the provision of guards surrounding the cables. Special attention is to 
be paid with respect to electrolytic action in the case of an aluminium 
facing, 

43.3 If the cables have to pass through the thermal insulation of the com- 
partments, they should do so at right angles, in tubes provided|with entries 
of material protected against oxidation. 
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